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preconcentration step which is used to increase the vapor and/or particulate concentration in the collected 
air sample. 

The major problem encountered in the use of the portal detection systems in the study was maintaining 
the integrity of the sample air volume, in maintaining the integrity of the sample air volume, it is necessary 
to prevent the sample air volume to be contaminated with the ambient environment at the same time trying 
to maintain a steady flow of traffic through the portal, which is essential to efficient operation of any type of 
screening system in which heavy traffic is common place. The aforementioned article suggests that th 
integrity of the sample air volume was not maintained in portals without doors. If ambient drafts were 
present, such as those from air conditioners or just the flow of pedestrian traffic, a reduction of ten percent 
in detection was encountered. The addition of doors on the portals effected a rise in the detection rate; 
however, it produced unacceptable pedestrian traffic problems which would not meet the requirements for 
high throughputs required by airports. 

In the patent art, there are a group of references which disclose various methods and devices for 
detecting contraband substances, including both drugs and explosives. These references are all directed to 
the detection of contraband substances within a container or luggage, and not those carried on a person. 
U.S. Patent 4,580,440 and U.S. Patent 4,718,268 both assigned to British Aerospace Public Company 
Limited disclose a method and apparatus for detecting contraband substances sealed in freight type cargo. 
Basically, the method consists of sealing the cargo in a container, agitating the cargo in order to shake off 
the vapor or particulate matter emanating from the cargo into the surrounding atmosphere, sampling the 
atmosphere, heating the collected sample and analyzing the sample utilizing gas chromatography. U.S. 
Patent 4,202,200 assigned to Pye Limited discloses an apparatus for detecting explosive substances in 
closed containers. Basically, objects such as luggage are passed through a controlled axis tunnel wherein 
the objects are swept by circulating air flows, and then the air sample is collected and analyzed. It is also 
suggested that if a larger tunnel is constructed, people as well as objects, can be passed through it. The 
aforementioned inventions provide a means and method for detecting contraband substances by using 
vapor sampling; however, none of the inventions provide or suggest the use of a preconcentrator means for 
increasing the sensitivity and selectivity of the detection means. Additional patent references which disclose 
similar type systems are U.S. Patent 3 f 998,101 and U.S. Patent 4,1 1 1 ,049. 

There are numerous patent references in the testing and monitoring art which disclose a concentration 
step which includes the filtration or absorption of the molecules of interest over time. After a predetermined 
period of exposure, the filtering/absorption media is removed and desorbed with heat, while a new 
filter/absorption media is placed in the air stream. U.S. Patent 3,768,302 assigned to Barringer Research 
Limited discloses a system used in the geological testing area and in which the system receives an air 
stream containing particulates. The sample undergoes a concentration step which includes passing the air 
sample over two paths with adsorbing/desorbing steps, and finally analyzed. U.S. Patent 4,056,968 assigned 
to the same assignee as the above patent also discloses a system which is also used in the geological 
testing area. In this invention, the concentrated molecules could be desorbed from a moving tape as well as 
from a moving disk. U.S. Patent 4,775,484 discloses a rotating filter media which is used to absorb 
particulate material during one stage of its rotation, and which is purged or cleaned at a separate and 
second stage of its rotation. U.S. Patent 4,127,395 also discloses a common absorption/desorption circuit 
using a pair of absorbent media, wherein one of the pair is absorbing, while the other is desorbing. U.S. 
Patent 3,925,022, U.S. Patent 3,997,297 and U.S. Patent 3,410,663 all disclose absorption/desorption type 
devices. All of the aforementioned devices disclose systems for the absorption and subsequent desorption 
of particulate or vapor matter; however, none disclose a portal type sampling chamber. 

The present invention is directed to a system for the detection of explosives, chemical agents and other 
controlled substances such as drugs or narcotics by detecting their vapor and/or particulate emissions. The 
system comprises a sampling chamber, a vapor or particulate concentrator and analyzer, and a control and 
data processing system. The system is particularly useful in field environments, such as airports, where it 
can be used to detect the aforementioned substances on an individual or in the baggage of the individual. 
The system meets the requirement to detect the aforementioned substances in a non-invasive manner at 
any required level, and to do it so quickly that the free passage of people and baggage is not unduly 
interrupted. 

The sampling chamber is a portal with internal dimensions of approximately six feet in length, seven 
feet in height and three feet in width. The dimensions of the portal are such as to allow an average sized 
individual as well as a wheel chair bound individual to easily pass through. The portal is designed in such a 
way as to have an internal air flow sweep over an individual walking or passing through the portal at a 
normal walking pace, and at the same time have the air sample swept from the individual contain a 
meaningful concentration of vapors or particulate matter to be analyzed. To accomplish this, the sampling 
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chamber or portal is designed with a unique geometry and contains air guides or jets for providing an air 
flow which effectively isolates the internal air volume from the ambient environment while efficiently 
sweeping the individual passing through the portal. The air volume or sample inside the portal is collected 
through a sampling port located within the ceiling section of the portal. The air sample is then transported to 

5 the sample collector and preconcentrator (SCAP). 

The sampling chamber or portal is capable of collecting and delivering to the SCAP vapor and/or 
particulate matter when they are present in as low a concentration as several parts per trillion of ambient air. 
The SCAP f through a series of steps of decreasing sample volume and increasing sample concentration, 
delivers a concentrated sample to a fast response chemical analyzer which may be either a gas 

io chromatograph/electron capture detector or an ion mobility spectrometer or both. The principle of operation 
of the SCAP is one of adsorbing the sample onto a selected substrate with subsequent selective thermal 
desorption. This process is repeated through a series of steps of decreasing sample volume and increasing 
sample concentration. Upon completion of the preconcentration steps, the purified sample material is 
analyzed by the aforementioned devices wherein the analysis consists of identifying the various materials 

75 and determining the amount of material present. 

The total system and all system processes are controlled by a control system which comprises a digital 
computer and associated software. The system is configured and controlled to make all required measure- 
ments and prepare the results in a usable and intelligible format. The control system controls the collection 
of vapors, the preconcentration and analysis steps, and the data analysis and data formatting. In addition, 

20 the computer continuously performs self diagnostic and self calibration procedures on the total system and 
alerts the user to any potential problems. 

The system for the detection of explosives and other controlled materials of the present invention 
provides for the efficient detection of explosives, chemical agents or other controlled materials such as 
drugs or narcotics by detecting the vapor and/or particulate emissions from these substances. The vapor or 

25 particulate emissions can come from substances concealed on the individual, the individual's baggage, or 
from a residue left on an individual who handled the particular substance. The present invention provides a 
system with a high degree of sensitivity and selectivity to a wide range of substances. The high degree of 
sensitivity and selectivity is accomplished by employing a system which utilizes the combination of a 
unique geometry portal with aerodynamics that prevent the cross-contamination of air within the portal with 

30 that of the ambient environment and a multi-stage preconcentrator that decreases sample volume while 
maximizing sample concentration thereby allowing much larger sample volumes to be taken as well as 
much shorter sample collection times. The system provides a high reliability rate which is accomplished by 
utilizing the computer control system for automatic calibration and self diagnostic procedures. In addition, 
the system provides a high degree of versatility in that by changing the programming of the computer, a 

35 wide range of explosives, controlled chemical agents, and drugs and narcotics which have differing physical 
and chemical properties can be detected. Having the total system under software control provides a more 
versatile system and one that is easily reconfigurable. 

The present invention has a wide variety of applications where a high throughput of people is required. 
In airports, the detection of explosives and controlled substances is of paramount importance due to the rise 

40 in terrorist attacks and drug smuggling. The present invention allows for the fast and reliable detection of 
the aforementioned substances in a non-invasive manner in a variety of field environments such as in 
airports. The system of the present invention is applicable where the detection of concealed substances is 
absolutely required. 

For the purpose of illustrating the invention, there is shown the drawings the forms which are presently 
45 preferred; however, it should be understood that the invention is not necessarily limited to the precise 
arrangements and instrumentalities here shown. 

Figure 1 is a sectional side view of the sampling chamber of the present invention; 
Figure 2 is a sectional end view of the sampling chamber of the present invention taken along section 
lines 2-2 in Figure 1; 
50 Figure 3 is a top view of the sampling chamber of the present invention; 

Figure 4 is an end view of the sampling chamber of the present invention; 

Figure 5 is a diagrammatic representation of the flow of air within the sampling chamber of the 
present invention; 

Figure 6 is a diagrammatic sectional view of the internal/external air boundary that exists at the end 
55 of the sampling chamber of the present invention; 

Figure 7 is a diagrammatic block diagram of the sample collector and preconcentrator of the present 
invention. 

Figure 8 is a diagrammatic block diagram of the sample collector and preconcentrator of the present 
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invention with a three filter* configuration; 

Figure 9 is a plane view of the three filter configuration of the primary preconcentrator of the present 
invention. 

Figure 10a is a diagrammatic representation of the multi-port valve used in the present invention with 
5 the valve in the load position; 

Figure 10b is a diagrammatic representation of the multi-port valve used in the present invention with 
the valve in the inject position; 

Figure 11a is a diagrammatic diagram of the portable sample collector of the present invention; 
Figure 11b is a diagrammatic representation of the luggage sampling means of the present invention; 
70 Figure 12a is a diagrammatic representation of the particulate collector and detector means of the 

present invention utilizing a six-port valve configuration; 

Figure* 12b is a diagrammatic representation of the particulate collector and detector means of the 
present invention utilizing a three-way valve configuration; 

Figure 13 is a block diagram of the control and data processing system of the present invention; 
75 Figure 14a is a flow chart of the computer program used in the present invention utilizing a six-port 

valve configuration for the particulate collector and detector means; 

Figure 14b is a flow chart of the computer program used in the present invention utilizing a three-way 
valve configuration for the particulate collector and detector means; and 

Figure 15 is a time chart indicating the various time durations of the processes associated with the 
20 screening process. 

The explosive detection screening system of the present invention is designed to detect explosives, 
chemical agents or other controlled materials such as drugs or narcotics by detecting their vapor or 
particulate emissions. These substances are assumed to be concealed on individuals or in their baggage in 
airports or in other high vulnerability, high visibility environments. It is necessary to detect these substances 

25 in a non-invasive manner at any required level, and to do it so quickly that the free passage of people and 
baggage is not unduly interrupted. The system is an integrated system comprising a sampling chamber, a 
vapor and/or particulate concentrator and analyzer and a control data processing system. 

The sampling chamber is a portal in which internally generated air flows sweep the vapor and/or 
particulate emissions emanating from an individual or object passing through the chamber to a collection 

30 area. The sampling chamber is designed in such a way as to capture a high enough concentration of 
emissions so as to be able to detect the presence of the aforementioned substances with a high degree of 
reliability and dependability. The internal volume of air is recirculated with a small amount being removed at 
the sampling time. At the sampling time, an external air pump or fan draws a sample of the collected air 
volume into a sample collector and preconcentrator (SCAP). 

35 The sampling chamber is capable of collecting and delivering to the SCAP vapors when they are in as 
low a concentration as several parts per trillion of ambient air. The SCAP, through a series of steps of 
decreasing sample volume and increasing sample concentration, delivers a concentrated sample to a fast 
response chemical analyzer which may be either a gas chromatograph/electron capture detector or an ion 
mobility spectrometer or both. Using this multi-stage concentration process of adsorption and desorption, 

40 much larger sample volumes can be processed with high degrees of sensitivity and selectivity. The data 
collected is then assimilated and analyzed by a digital computer which is part of the control system which 
operates and controls the total system. 

The control system is a control and data processing system of which the primary requirement is to 
report the presence of, and if required, the level of a specified substance. The system must be capable of 

45 distinguishing between background levels of a substance and alarm levels. The system also controls the 
operation of the entire system by automatic control methods which is run by a microprocessor or digital 
computer. The control system is easily reprogrammed to detect various substances because of modularized 
programming techniques. 

50 

SAMPLING CHAMBER 

The sampling chamber for people is a portal that is designed in such a way that as a person walks 
through this chamber, at a normal walking pace, an internal air flow carries a sample of vapors and/or 
55 particulate matter from them to a sampling port where it will be collected for analysis. There are three major 
design requirements that the chamber was designed to meet. First, the sampling chamber must gather a 
meaningful sample of the environment surrounding a person or object passing through the chamber. In 
considering a solution to the problem posed by the first design requirement, it is necessary to consider that 
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the sampling chamber must be large enough for an average size individual to comfortably pass through the 
chamber; therefore, there is a considerable volume of air located within the chamber resulting in possibly 
only several parts vapor or particulate emission per trillion parts of air or possibly even less. The solution to 
this problem of dilution is to design the chamber long enough so the individual or object passing through 

s the chamber remains in the chamber for a duration of time so as a meaningful sample of the environment 
can be gathered. Second, for the purposes of sensitivity, selectivity and preventing cross-contamination of 
the sample to be analyzed, the sample to be collected must be isolated as much as possible from the 
ambient environment. In considering a solution to the problem posed by the second design requirement, it 
is necessary to once again consider the problem of dilution caused by having a larger chamber. Since there 

70 already exists a dilution problem, the chamber must be designed with a unique geometry and internal 
aerodynamics so as to prevent further dilution and contamination by the mixing of internal air with the 
ambient air to the greatest extent possible. The third design requirement is that the sample must be 
gathered in as complete form as possible in as short as time as possible. In considering a solution to the 
problem posed by the third design requirement, it is necessary to consider the problems and solutions 

75 considered above and find a balance between them. The time an individual or object spends in passing 
through the chamber must be long enough so as to gather a meaningful sample, but not long enough to 
cause unduly long pedestrian traffic delays. Secondly, since there is a dilution problem, the chamber was 
designed in a unique way so as to prevent cross-contamination with the ambient environment, and this 
unique design must not prevent the normal flow of traffic; therefore, the aerodynamics discussed in the 

20 solution to the second problem must be such that the meaningful sample is gathered quickly. 

Referring to Figures 1 and 2, there is shown a sectional side view and end view of the sampling 
chamber 100 or portal. The sampling chamber 100 has a rectangular geometry having internal dimensions 
of approximately six feet in length, seven feet in height, and three feet in width. These dimensions allow an- 
average size individual, walking at an normal walking pace to remain in the chamber 100 for approximately 

25 two to three seconds which is enough time to gather the aforementioned meaningful sample. The 
rectangular chamber 100 has two walls 102a and 102b, which run the length of the chamber 100, a floor 
104. a convergent or conically shaped ceiling 106 the importance of which will be discussed subsequently 
and a roof 107. In order to maintain the uninhibited flow of pedestrian traffic through the chamber 100, no 
doors and only two walls, 102a and 102b, were used. Hand rails 108a and 108b attached to walls 102a and 

30 102b respectively are provided to aid individuals in passing through the chamber 100 quickly and safely. 
The floor 104 of the chamber 100 is not a necessary component, and in other configurations it is not 
utilized. The chamber 100 can be constructed utilizing a variety of materials including aluminum and 
plastics; however, clear materials such as plexiglass or fiberglass is preferred so individuals passing through 
the chamber 100 can be observed. In addition, a video camera 109 may be utilized to capture an image of 

35 the individual passing through the chamber 100 which will be electronically stored along with the collected 
data. 

The sampling chamber 100 operates on an air recirculating principle and the only air removed from the 
internal recirculating volume is a comparatively small amount leaving by sampling port 118a. The internal 
air volume is circulated through internal air flow guides or jets and is collected by collection duct 110 which 

40 is a 16" x 20" x 6" rectangular duct connected to the center of the conical ceiling 106 and which empties 
into the space created between the ceiling 106 and the roof 107. This results in a large volume of controlled 
recirculating air flow capable of delivering a vapor and/or particulate sample from anywhere in the chamber 
100 to the sampling port 118a in approximately one second. 

The conical ceiling 106 aids in the collection of the sample volume by creating an inverted funnel for 

45 the air sample flow which serves to concentrate a larger volume of air across a smaller cross section for 
sampling purposes. A dynamic low pressure zone is created in the region of the collection duct 1 1 0 when 
the air is drawn through the collection duct 110 into the ceiling plenum by four exhaust fans two of which 
are shown in Figure 2 as 114, and 114a. In each corner of the chamber 100, there are six inch diameter end 
columns 112a-d. Each of the four end columns 112a-d are mounted vertically in the chamber 100 and run 

so from the floor 104 to the ceiling 106. Each column 112a-d has six slots of one foot in length and a half inch 
in width 113a-d as shown in Figure 3, which is a top view of the chamber 100, with inch and a half internal 
guide vanes (not shown) for directing the air flow at a forty-five degree angle towards the center of the 
chamber 100 as shown by arrows 115a-d in Figure 3. The air flow through the columns 112a-d is provided 
by four independent fans, two of which are shown in Figure 2 as fans 114 and 114a. The four fans are 

55 mounted in th chamber 100 above the conical ceiling 106 and below the outer roof 107. Each fan is 
connected to one of the end columns 112a-d and provide 1000 CFM of air to each column 112a-d resulting 
in an air velocity of 17m/sec, in the directions indicated by arrows 115a-d, from the guide vanes of the 
columns 112a-d as shown in Figure 3. The suction side of the fans are open to a common plenum located 
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in the same space that the fans occupy. In addition to these inwardly directed vertical air jets 113a-d there 
are two upwardly directed air guides 117a and 117b or jets located in side air flow pipes 116a and 116b 
which are mounted along the floor 104 and against walls 102a and 102b. The side flow pipes 116a and 
116b are connected to end- columns 112a-d and receive air from them. In each side flow pipe 116a and 
116b there are twelve inch by half inch air slots 117a and 117b located in the center of each pipe and 
directed towards the center of the chamber at a forty-five degree angle as shown in Figure 4. The air 
velocity of the air leaving side flow pipes 116a and 116b is 15m/sec in the direction indicated by arrows 
119a and 119b. The combined effect of the air flow created by the end columns 112a-d and the side flow 
pipes 116a and 116b is a dynamic high pressure region created in the center region of chamber 100. The 
recirculating fans which draw air through collection duct 110 create a dynamic low pressure zone within 
chamber 100, which creates a net air flow up towards the collection duct 110. This air flow is the flow that 
sweeps individuals or objects passing through the chamber. The effect of the high pressure region and the 
low pressure region created by the exhausing of the air sample through conical ceiling 106 and into the 
collection duct 110 is a balance of atmospheric conditions which results in very little external air entering or 
leaving the chamber 100. Basically, the high pressure region inhibits air from entering the chamber 100. 
The majority of the moving air mass goes through the collection duct 110 and to the common plenum 
where it will once again be used by the four fans to recirculate the internal volume of the chamber 100. A 
portion of the recirculated air is collected through a sampling port 118a, which is the open end of a stainless 
steel pipe 118 which is used to transport a selected sample from the chamber 100 to the second stage of 
operation; namely, the preconcentration stage which shall be discussed subsequently. 

The four end columns 112a-d and the two side air flow pipes 116a and 116b represent one 
embodiment for delivering the air supplied by the four independent fans as separate and directional air jet 
streams. The fans can be connected to various types of air ducts or plenums with guide vanes or nozzles to 
form the exiting air into jet streams. In addition, partitioned hollow walls also with guide vanes or nozzles 
can be used as an alternate approach for forming the air from the fans into separate and directional air jet 
streams. The manner in which the air flow is supplied to the guide means and the manner in which the jet 
streams are formed is not critical; however, the specific directions of the jets streams are. It is important 
that the proper angle and orientation of the jet streams be maintained so as to provide a net flow of air 
capable of sweeping an individual or object passing through said sampling chamber means 100 while 
maintaining the integrity of the volume of air within the sampling chamber means 100. 

Referring now to Figure 5, the volume of air 120 enclosed by the dashed lines indicates the total 
volume of air moving towards the collection duct 110 and sampling port 118a shown in Figure 2. The 
upward flow of air starts at approximately one foot in from the perimeter of the chamber floor 104. This 
figure indicates the net upward flow of air, and does not intend to exclude other air currents present in the 
chamber, because other currents are present; however, their direction is not upward. As can be seen in 
Figure 5, the effect of the generated internal air flows and the shape of the ceiling 106 shown in Figure 2 
tends to focus or concentrate the large volume of air flowing upwards to a smaller, but more concentrated 
volume of air. Arrows 122a-c, 124a-c and 126a-c indicate the velocities of the air mass at different stages in 
the flow. In the lower to middle regions, the air flow is 2-3 m/sec, and as the air mass approaches the low 
pressure region, the velocity increases to 4-5 m/sec. 

Turning to Figure 6, a diagrammatic side view of the chamber 100 is shown. The region indicated by 
the dotted lines 128 and 130 indicate the region in which cross-contamination of the internal air volume with 
the ambient environment occurs. As indicated by arrows 132a-c, air from the surrounding environment 
enters the chamber 100 at approximately 0.5 m/sec. The air from the outside environment is drawn in by 
the aerodynamics created by the internal air flow. This air flow into the chamber 100 results in one harf of 
the internal air to be exchanged with the outside air in approximately 30 seconds. Since the collection time 
takes approximately one second, the cross-contamination is minimal. The only way to maintain absolute 
integrity of the internal air volume is to provide rotating doors with a seal, and this however, would result in 
undesirable time delays. 

SAMPLE COLLECTOR AND PRECONCENTRATOR 

The sample collector and preconcentrator (SCAP) is used as part of the overall system to enchance 
overall system sensitivity and selectivity. In general terms, the SCAP must simply discard, in a multi-step 
process, non-required molecules of air while not losing the targeted molecules of interest. In the sample 
collection and preconcentration step, the targeted materials are adsorbed onto a selected substrate, and 
then selectively desorbed. This process is repeated through a series of steps which decrease sample 
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volume and increase sample concentration. 

As illustrated in Figure 7, the SCAP 200 is supplied with sample air by pipe 118 which extends to the 
sampling chamber 100. During sampling periods a high suction fan 202 draws the sample volume through 
th sampling port 118a. The fan 202 is connected to pipe 118 on the suction side with the discharge side 

5 connected to a vent or xhaust system to the ambient environment. 

The first stage of the concentration process involves the primary preconcentrator 201 which consists 
essentially of a rotating filtering means 204. The air sample drawn from the sampling chamber 100 is drawn 
through filtering means 204. The filtering means 204 consists of two interconnected filtering elements 206 
and 208. The filtering elements 206 and 208 are wire screens which hold an adsorbing material. Each 

to filtering element 206 and 208 may be rotated through either of two positions. Position 1 is in line with pipe 
118 and position 2 is in line with a secondary preconcentrator 203. The positions of the filtering elements 
206 and 208 are changed by a control system which in this embodiment is a hydraulic actuation system 
210 which is connected to filtering means 204 by shaft 212 which lifts movable platform 211 to move each 
of the filter elements into a sealed connection at position 1 and at position 2. A preconcentrator control unit 

75 214 is also connected to filtering means 204 by shaft 216. The hydraulic actuation system 210 is comprised 
of a hydraulic control unit 210a and a hydraulic pump 210b and is operable to lower and raise holding 
elements 205 and 207, into the unlocked and locked positions respectively. When it is time to rotate the 
filters 206 and 208, hydraulic actuation system 210 lowers holding elements 207 and 205 which engage 
filter elements 206 and 208 respectively. Upon engagement of the filter elements 206 and 208, preconcen- 

20 trator control unit 214, which is a computer controlled stepper motor, is operable to rotate filtering elements 
206 and 208 between positions 1 and 2 via shaft 216. The control of the hydraulic actuation system 210 and 
the preconcentrator control unit 214 is accomplished via the control system which will be fully explained in 
subsequent paragraphs. 

In a second embodiment the filtering means 204 consists of three interconnected filtering elements 206, 

25 208 and 209 as shown in Figure 8. Filter element 209 like filter elements 206 and 208 is a wire screen 
which holds the adsorbing material. Each filtering element 206, 208 and 209 may be rotated through either 
of three positions. Position 1 is in line with pipe 118, position 2 is in line with a secondary preconcentrator 
203, and position 3 is exactly in between position 1 and position 2. Figure 9 shows a plane view of the three 
filter elements 206, 208, and 209 spaced 120 degrees apart on movable platform 211. The positions of the 

30 filtering elements 206, 208 and 209 are changed by a control system which in this embodiment is a 
hydraulic actuation system 210 which is connected to filtering means 204 by shaft 212 which lifts movable 
platform 211 to move each of the filter elements into a sealed connection at position 1, into a sealed 
connection at position 2 and at position 3. The hydraulic actuation system 210 is comprised of a hydraulic 
control unit 210a and a hydraulic pump 210b and is operable to lower and raise holding elements 205, 207 

35 and 215 into the unlocked and locked positions respectively. When it is time to rotate the filters 206, 208 
and 209, hydraulic actuation system 210 lowers holding elements 207, 205 and 215 which engage filter 
elements 206, 208 and 209, respectively. Upon engagement of the filter elements 206, 208 and 209. 
preconcentration control unit 214, which is a computer controlled stepper motor, is operable to rotate 
filtering elements 206. 208 and 209 between positions 1, 2 and 3 via shaft 216. 

40 Referring now to Figure 7, the two filter process is described. During a sampling period which is 
controlled by the control system, fan 202 draws the sample from the chamber 100 and through filter 
element 206 which is position 1. Filter element 206 collects the vapor and/or particulate matter contained in 
the air sampfe on an adsorption substrate. The filter element 206 comprises an adsorber that is selected to 
have enhanced adsorption for the target materials and lessor adsorption for any contaminants. When the air 

45 sample passes through the filter element 206 containing the adsorber, the adsorber preferentially selects a 
sample of the target materials, and other contaminants are passed on to be vented or exhausted by fan 
202. Upon completion of the sampling period, and adsorption of the target materials onto filter element 206, 
filter element 206 is switched to position 2 by the preconcentrator control unit 214 and raised into a locked 
position by the hydraulic actuation system 210 so the desorption of the target materials can occur. 

50 In the desorption process, a stream of pure gas is passed over the adsorber containing the target 
materials and any remaining contaminants. The pure gas, which is usually an inert gas, is supplied from a 
gas supply 218 and transported to position 2 of filter means 204 by gas line 220. This pure gas flow is 
much smaller then the volume of air used in the sampling chamber 100. The temperature of the adsorber is 
raised in a controlled fashion by the control system, illustrated in Figure 13. The temperature of the filter 

55 being desorbed is raised by either a heat exchanger 213 or by the temperature of the pure gas from source 
218. If the temperature of the filter being desorbed is raised utilizing the pure gas, then the gas flow is 
diverted to a heating element (not shown) where it is raised to the proper temperature. When the desorption 
temperature for the target material is reached, the temperature is held constant and the pure gas flow is 
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quickly switched to the desorption stage in the concentration process. The heated gas then absorbs the 
target materials and carries th m on to the next stage. The gas flow containing the target materials is routed 
to the secondary preconcentrator 203 or interface unit via gas line 222. As the desorption process is rapid, 
only a small volume of gas is transferred which results in the next stage receiving the target r$aterials in a 
5 concentrated form. 

The primary concentration of the target materials is a continuous two step process because of the two 
filter elements 206 and 208 both contain adsorbing substrates. When filter element 206 is adsorbing the 
target materials, filter element 208 is in the desorption process. Upon completion of the desorption of the 
target materials from element 208, the adsorbing material of element 208 is purified from materials and 

w contaminants and thus ready to be used as the adsorber in position 1. While a pair of rotating filter 
elements is illustrated in Figure 7, it would also be possible to use single use strip media which traverses 
from the absorbing station to the desorbing station, or to hold the position of the filters fixed and alternate 
the sample and purge air streams to absorb and desorb the target materials. 

Referring to Figure 8, the three filter process is now described. In a second embodiment for the primary 

75 preconcentrator 201 , a third filter element 209 is added, thus making the primary concentration of the target 
materials a continuous three step process, because the three filter elements 206, 208 and 209 all contain 
adsorbing substrates. When filter element 206 is adsorbing the target materials, filter element 208 is in the 
desorption process, and filter element 209 is be added to provide for a thermal cleansing of any vapors or 
particulates which may remain after the desorption process. When a particular filter element is in position 3, 

20 the pure gas supplied from gas supply means 218 is routed to position 3 of filter means 204 by gas line 
220. The gas flow further sweeps the particular filter element in an attempt to further purify the adsorbing 
material from contaminants. The exiting gas with contaminants is exhausted to the ambient environment. A 
valve 217 is located in line with gas line 220 and is operable to switch the gas flow from position 2 to 
position 3 and vice versa. 

25 The treatment of particulates and gaseous materials is slightly different at the first step of the 
concentration process. The particulates may be small particles or droplets of the target material itself or 
small particulates or droplets attached to dust particles or other vapor droplets. For particulates, the first 
stage is a filter or screen having selective adsorption characteristics in the path of the sample air flow from 
the sampling chamber 100. The particulates are physically trapped or adsorbed on this filter, and then the 

30 filter, or a portion of it, is physically transferred to a heated chamber and rapidly heated to a temperature 
that is sufficient to vaporize without decomposing the target particulates. A small quantity of heated pure 
carrier gas is admitted to the chamber to carry the now vaporized material to the next stage of the process. 
As stated previously, the heated gas can be used for supplying the heat for vaporization. 

It is usually the case that the filter used in the sampling air flow for particulate materials is also the 

35 absorber for gaseous materials and therefore, as is shown in Figure 7 a single primary preconcentrator 207 
can be used to capture both particulate materials and gaseous materials. It is necessary to sample target 
materials as particulates because certain target materials may have too low a vapor pressure at room 
temperature to be sampled as gas or vapor. In addition, it is possible that the target material itself has a 
tendency to be present in the sample volume as an adsorbate on particulate material independent of vapor 

40 pressure considerations. 

In the subsequent stages of concentration the selectable adsorbers are fixed and confined to metallic 
tubes. The sample and purge carrier gas flows are manipulated by switching valves which are under 
computer control. Referring once again to Figure 7, the primary preconcentrator 201 is connected to the 
interface 203 by gas flow line 222. The interface 203, contains a secondary preconcentrator 224 and a 

45 multiport valve system 226. The purpose of the multi-port valve system 226 is for switching between the 
gas supply line 230 which is supplied by gas supply 228, the preconcentrator 224 adsorption tubes, the gas 
flow line 222 from the primary preconcentrator 201 and the gas flow line 232 to the chemical analyzers 234 
and 236. Basically, the multi-port valve system 226 is a switching network. The secondary preconcentrator 
224 is a series of adsorption tubes. The multi-port valve system 226 is driven by an interface control unit 

so 238 which is simply a stepper motor to rotate the valves in the multiport valve system 226 when 
commanded to do so by the computer. The interface 203 represents a generic block of secondary 
preconcentrators, and thus one can cascade a series of multiport valve systems and adsorption tubes in an 
attempt to further purify the sample to be analyzed. 

The adsorber tubes are very rapidly heated to and held at the selected predetermined temperature by 

55 heating the surrounding metallic tube. This is usually done by passing a controlled electrical current through 
the tube and using the tube itself as the heating element. In the case of larger adsorbent containing tubes, 
for the heating times of tens, to a very few hundreds of milliseconds, this current may be several hundred 
amperes. The temperature may be measured by brazing a tiny, very low mass thermocouple or thermister 
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to the tube. The thermocouple must be small enough so as not to affect the tube in any manner and it must 
be capable of responding rapidly. The thermocouple feeds the measured temperature to the computer of 
th control system wherein the computer controls the amount of current flowing through the tubes. 
Basically, the computer forms the digital closure of an analog control loop. The computer is used to monitor 

5 and control the temperature because the proper thermal program for the desired target materials or material 
is critical. The size of the tubes is decreased in steps to reflect the decrease in volume of gas containing 
the samples and may eventually reach the internal size of a capillary gas chromatograph column. 

The multiport valve system 226 is a switching network with multiple ports as the name suggests. In one 
embodiment of the present invention, the multiport valve system 226 is a six-port valve. Figures 10A and 

10 10B represent the two positions that the six-port valve 226 can occupy. The interface control unit 238, is a 
stepper motor, and is operable to switch the six-port valve 226 between the two positions. In either position, 
only pairs of ports are connected. In position 1, illustrated in Figure 10B, ports 1 and 2, 3 and 4, and 5 and 
6 are connected, and in position 2, illustrated in Figure 10A, ports 2 and 3, 4 and 5, and 6 and 1 are 
connected. Position 2 places the adsorb-desorb tube 248 in the load position. The gas flow line 222 shown 

75 in Figure 7 carries the gas containing the target material and some contaminants into port 1 indicated at 
242 in Figure 10A of valve 226 wherein the gas automatically flows through an internal passageway 244 to 
port 6, indicated at 246 in Figure 10A. Connected between port 6 and port 3 is an external 
adsorption/desorption tube 248 in which the gas containing the target material and some minor con- 
taminants pass through. The adsorbing material inside the tube 248 is specifically targeted for the target 

20 material; therefore, the carrier gas and the contaminants flow through the tube 248 to port 3, indicated at 
250 while the target material is adsorbed within the tube. The carrier gas and contaminants flow from port 3 
indicated at 250 in Figure 10A to port 2 indicated at 252 in Figure 10A through internal passageway 254, 
and is vented to the external atmosphere through exhaust line 256. Pure carrier gas supplied from gas 
supply 228 shown in Figure 7 is fed into port 4 indicated at 258 via line 230. The pure carrier gas 

25 automatically flows from port 4 indicated at 258 to port 5 indicated at 260 via internal passageway 262. The 
carrier gas then flows from port 5, indicated at 260 to either of the chemical analyzers 234 or 236 via line 
264. The analyzers 234, 236 require a continuous gas flow to remain operational. The use of multiport valve 
systems allows pure carrier to be fed gas continuously to the analyzers 234, 236, even when the 
adsorb/desorb tube 248 is in the adsorb cycle. 

30 At the end of the adsorption cycle, the computer of the control system then automatically switches the 
six-port valve 226 into position 1 which is the desorb mode as shown in Figure 10B. Port 1, indicated at 242 
in Figure 10B still receives gas from the primary concentrator 201 via line 230; however, the gas flows from 
port 1, indicated at 242 to port 2, indicated at 252 via internal passageway 268 and is vented to the 
atmosphere via exhaust line 256. Port 4, indicated at 258 is injected with pure carrier gas from supply 228 

35 via line 230 which flows to port 3, indicated at 250 via internal passageway 270. As stated before, port 3, 
indicated at 250 and port 6, indicated at 246 are connected via an external adsorption/desorption tube 248; 
however, in this position, the carrier gas is flowing through the tube 248 in the opposite direction. Therefore, 
when the tube 248 is heated to desorption temperature, the gas will sweep the desorbed target material and 
carry it to port 6, indicated at 246 free of atmospheric contaminants. From port 6, indicated at 246, the 

40 target material flows to port 5, indicated at 260, via internal passageway 272 and to the chemical analyzers 
234 and 236 via line 264. 

The external adsorption/desorption tube 248 is electrically insulated from the valve body and contains a 
selected quantity of the adsorbing material which has the best characteristics for adsorbing the target 
material. High current connections are made to the ends of this tube 248 and are shown in Figures 1 0A and 

45 10B as electric lines 280 and 282. Lines 280 and 282 are connected on the other end to a controlled current 
source 281. A thermocouple 283 is shown attached to tube 248 in Figures 10A and 10B. This thermocouple 
283 as stated previously, is used to raise the temperature of the tube 248 so as to achieve the proper 
temperatures for desorption. The gas sample which contains the target material, contaminants and excess 
gas, passes through the tube 248 and because it is cold, and the adsorber material has been selected to be 

50 a strong adsorber for the target- material, most of the sample will be adsorbed at the end of the tube 248 
near port 6. The contaminants are less strongly adsorbed and thus any adsorption of them will be 
throughout the length of the tube 248. Also, because the contaminants are not strongly adsorbed a larger 
portion of them will pass through the tube to the exhaust vent 256 and be discarded. 

A desirable property of thermal desorption of gases or vapors on solid or liquid substrates is that the 

55 process can be highly thermally sensitive and thermally dependent. At a specified temperature the amount 
of any material desorbed is related to its physical and chemical properties and the physical and chemical 
properties of the adsorbing material. It is possible to choose adsorbing materials such that the contaminat- 
ing materials are desorbed at a workable lower temperature than the target materials. 
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Careful thermal programming allows one to use these properties. An example is to heat the desorber 
tube 248 in a controlled fashion with the valve 226 in position 2. The contaminants such as water vapor etc. 
are not strongly adsorbed and a low temperature will cause a major portion of them to leave the adsorber 
and pass out of the syst m through the vent. At the same tim , the target materials will not be desorbed 

s and will remain at the end of the adsorber tube 248 adjacent port 6. If the position of the rotor in the six-port 
valve is now changed to the 1 position, two important changes are made. The adsorber tube is now 
connected to the next stage in the sequence and the pure carrier gas flows through the adsorber tube in the 
opposite direction to the previous gas flow direction. A rapid controlled increase in temperature will now 
cause the sample to be desorbed in a short period of time. This results in a sample which has been purified ' 

70 by the previously described adsorption and desorption process passing to the next stage in the process, 
contained in the minimum of pure carrier gas. Thus the sample has been twice purified of contaminants and 
concentrated in a much reduced volume of pure inert carrier gas. 

The next step in the purification and concentration process may be another six-port valve with a smaller 
diameter desorption tube. The final desorption tube should match in diameter the size of the column in one 

75 of the analyzers, such as analyzers 234, which is a gas chromatograph. If this is done, it results in ideal 
sample injection into the gas chromatograph. In fact, it is possible by careful design and construction to 
have the desorber tube the same internal diameter as a capillary gas chromatograph column. It is possible 
to use the tube connecting two six-port valves as a desorber tube for purification and concentration 
purposes. It may be packed with adsorber and fitted with heating and temperature measuring equipment 

20 such as electrical connections and thermocouples. 

The adsorbent material used in the various stages of concentration of the target materials may be 
selected from a group of materials commonly used for vapor sampling including Tenax and Carbotrap. 
There are other adsorbing materials that can be used with the present invention depending on the particular 
materials that are to be detected and isolated. ■ 

zs The SCAP 200 also contains an attachment for a portable sampling device 292 which is shown in 
Figure 11 A. The connection is a pipe 223 which is connected to pipe 118 shown in Figure 7 or 8 through 
valve 221. The pipe 118 may be stainless steel, aluminum or even ABS plastic. Normally, fan 202 draws an 
air sample from the chamber 100; however, when valve 299 closes off the chamber 100 and valve 221 is 
- opened, fan 202 will draw an air sample from the wand 292. The wand 292 is capable of drawing vapor 

30 and/or particulate emissions from a specific area on an individual or object. The wand 292 is used to 
sample an individual intensively when the results from the pass through the chamber 100 are inconclusive. 

A second use for the hand held wand 292 would be to draw vapor and/or particulate emissions from 
baggage that is going to be stored in the cargo hold of the airplane. The system including the hand held 
wand 292 has proven very effective as a means of detecting explosive vapors in packages and baggage. In 

35 tests wherein the hand held wand 292 has been held against cardboard box packages and various types of 
luggage, positive indemnifications of low levels of explosive vapors, equivalent to approximately a third of a 
stick of dynamite, are made. In addition, the hand held wand 292 can be attached to a sampling box 294 as 
shown in Figure 11b that is placed over luggage to enhance the efficiency of detection and provides a 
means to automate baggage screening by including a conveyor belt 298. The wand 292 is attached to 

40 sampling box 294 through connection means 296. 

In a second embodiment for the portable sampling device 292, a particulate collector and detector 
(PCAD) 400 is incorporated. The PCAD 400 is located in line with stainless steel pipe 223 between valve 
221 and flexible hose 290 as shown in Figure 12a. The PCAD 400 consists of a rotating circular plane 402, 
a collection chamber 404, a desorption chamber 406, a flushing chamber 408, a stepper motor 410, a six- 

45 port valve 412, a pair of gas supplies 414a and 414b and a chemical analyzer 416. The rotating circular 
plane 402 has three circular holes 418, 420, and 422 equally spaced 120 degrees apart and covered with 
stainless steel mesh screens 424, 426 and 428. The rotating circular plane 402, which is actuated by the 
stepper motor 410, is rotated 120 degrees every sampling period so that each one of the holes 418, 420 
and 422 occupies either the collection chamber 404, the desorption chamber 406 or the flushing chamber 

so 408. To illustrate the operation of the PCAD 400, a complete 360 degree rotation of the circular plane 402 
will be described. 

For the purposes of this illustration, it is assumed that hole 418 with screen 424 is inside the collection 
chamber 404 at the start-up time. In this position, the hole 418 and screen 424 is directly in lin with 
stainless steel pipe 223, and thus the screen 424 covering hole 418 is capable of collecting particulate 
55 matter that may be drawn from the hand held wand 292 during a sampling period. The particulate matter 
may be small particles or droplets of the target material itself or small particulates or droplets attached to 
dust particles or other vapor droplets. The particulate matter drawn in through wand 292 is physically 
trapped or adsorbed on screen 424. Any particulate matter not trapped on the screen 424 passes directly 
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through to the SCAP 200 for standard preconcentration. The stainless steel screen can be varied in mesh 
size so as to be abie to collect specific size particulates. Upon completion of the sampling period, stepper 
motor 410 is engaged by the control system (described subsequently) and rotates circular plane 120 
degrees placing hole 418 and screen 424 inside the desorption chamber 406. 

s The desorption chamber 406 is a sealed chamber which contains a pair of electrical terminals 430 
which connect to stainless steel screen 424 when that particular screen occupies the desorption chamber 
406. The pair of terminals 430 provide a computer controlled current to the stainless steel screen 424 in 
order to generate a specific amount of heat energy to effectively desorb the collected particulate matter. 
After the desired temperature for desorption is reached, a small quantity of carrier gas from gas supply 

w means 414a sweeps the desorbed material from the desorption chamber 406 via line 401 into the six-port 
valve 412. The operation of the six-port valve 412 is exactly the same as was described previously with an 
injection position and a load position. During the injection cycle, the further concentrated sample is injected 
into the chemical analyzer 416. In this embodiment, the analyzer 416 is a gas chromatograph. Note that 
during the desorption process wherein hole 418 and screen 424 are in the desorption chamber 406, hole 

75 420 and screen 426 are inside the collection chamber 404 collecting the next sample of particulate matter. 
Upon completion of the desorption of the particulate matter, the stepper motor 410 is engaged and circular 
plane 402 is rotated 120 degrees placing hole 418 and screen 424 inside the flushing chamber 408, hole 
420 and screen 426 inside the desorption chamber 406 and hole 422 and screen 428 in the collection 
chamber 404. 

20 The flushing chamber 408 is a sealed chamber similar to desorption chamber 406. In this position, a 
second pair of electrical terminals 432 are connected to screen 424. The second pair of electrical terminals 
432 provide a computer controlled current to generate a specific amount of heat energy to desorb any 
remaining particulate matter remaining on screen 424. A gas flow from gas supply 414a is used to sweep 
the desorbed material into the ambient environment through a vent in the chamber 408. Note that during the 

25 flushing process, hole 420 and screen 426 are inside the desorption chamber 406, and hole 422 and screen 
428 are in the collection chamber 404 collecting the next sample of particulate matter. 

In an alternate embodiment for the PCAD 400, the analyzer 416 is a ion mobility spectrometer. The 
alternate embodiment is shown in Figure 12b. As is shown in the figure, the only significant change is the 
substitution of a three-way valve 434 for the six-port valve 412. In this embodiment, the desorption process 

30 is identical to that previously described; however, the carrier gas sweeps the desorbed material into a three- 
way valve 434 instead of the six-port valve 412. The three-way valve 434 is a simple device which either 
vents the incoming flow of gas from gas supply 414a into the ambient environment or into the analyzer 416. 

The PCAD 400 is designed in such a way that the movement of the circular plane 402 places holes 
418, 420 and 422 in tightly sealed positions at each location so there is no contamination with the ambient 

35 air. The precise movement of the circular plane 402 is automatically controlled by the control system (to be 
described subsequently) and actuated by the stepper motor 410. 



ANALYSIS 

40 

The analysis of the purified target material consists of identifying the materials and determining th 
amounts present. Because the original concentrations were so low with respect to many other common 
ambient materials it is possible for there to be, even under the best of purification and concentration 
systems, some remaining impurities of materials with similar characteristics to the target materials. Thus the 
45 analysis system must be capable of separating the target material response from the response due to 
interfering materials. 

Two forms of analysis systems are used either separately or in combination. These systems are an ion 
mobility spectrometer (IMS) 236 based analysis system and a gas chromatograph (GC) 234 based system. 
The final detector for the GC 234 is usually an electron capture detector (ECD) but the IMS 236 can also be 

so used as the detector if desired. Depending on the the application, a photo ionization detector or a nitrogen- 
phosphorus detector or some other detector may be also used following this. The GC 234 may be of the 
"packed column" type or the capillary column type. Both analyzers 234 and 236 can be used separately or 
in a combined fashion. Valve 235 is used to direct the collected and purified sample to either or both of the 
analyzers. The analyzer 416 used in the PCAD 400 is either a gas chromatograph or ion mobility 

55 spectrometer and it exists as a separate entity from the analyzers of the SCAP 200, but its operation is 
identical to the above described analyzers. 

Whatever analysis system is used the analysis must be completed in a time that is short enough that 
the free flow of people, luggage and baggage is not unduly inhibited. This also implies that the time for the 
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concentration and purification process is short as well. 

It all the valves in the system are motor driv n or solenoid driven valves, the flow directions timings and 
magnitude may be controlled and varied. The time and temperature parameters are controlled and variable. 
Thus the physical characteristics of the complete system may be adjusted to detect a wide range of targ t 
5 materials and the sensitivities may be adjusted to accommodate a wide range of threats as perceived by 
the authorities using the system. 

All the processes involved in the collection and concentration as well as the final analysis of the 
collected material is controlled by the computer of the control and data processing system and will by fully 
explained in the following section. 

w 

CONTROL AND DATA PROCESSING 

The primary requirement for the control and data processing system of the screening system is that it 
75 reports the presence of, and if required, the level of specified substances. This means that the equipment 
must be configured and controlled to make the required measurement and it also means that the result 
must be presented to the user in a usable form. The subject or target materials may be present in varying 
amounts in the environment of the system and therefore, the system must be capable of distinguishing 
between this background level and an alarm level. It may also be a requirement to report on this 
20 background level. 

A secondary requirement for the control and data processing system of the integrated system is self 
diagnostic, as there may be considerable time between alarms, the control and data processing system 
must be capable of performing confidence checks that are satisfactory to the operator on demand. There 
must also be routine self checks and calibration procedures performed on the total system by the control 
25 and data processing system. Basically, this ensures that the test results, whether positive or negative, must 
be believable. 

A third requirement for the control and data processing system is ease of reconfiguration and versatility. 
The range of target materials may be changed from time to time, and the system must be capable of 
varying its internal operation parameters under program control to detect these materials. It is desirable that 

30 the rigor of the measurement in terms of time constraints and number and types of substances detected be 
alterable in an expeditious fashion at any time. The user's requirements in terms of level of threat and types 
of materials may quickly change and the equipment must respond to these changing needs. 

The final requirement for the control and data processing system is that the parameters and operations 
of the sampling chamber and the SCAP must be monitored and controlled. This means that all internal 

35 timings, temperatures and mechanical components must be controllable by the control and data processing 
system. 

The primary method of achieving these requirements is to put the total system under the control of a 
stored program digital computer. This computer through a series of modularized software routines performs 
the data analysis and presents the results in the required form to the user. The computer through another 

40 series of modularized software routines continuously performs self diagnostic and self calibration proce- 
dures on the total system, and alerts the user to any potential problems. The computer through still another 
set of modularized software routines controls all the processes of the total system and shall be more fully 
explained in subsequent paragraphs. 

One primary benefit of this system of control is reliability. By themselves the components are rugged 

45 and reliable and not prone to failure. However, any system made up of many items is subject to drifts due 
to ambient changes and time. By having all components under program control and by arranging for a 
known input to the system such as a controlled injection of target material or target simulant, there can be a 
calibration and self-diagnostic program. The function of this program is to calibrate the entire system and 
determine and store the required time, and temperature parameters etc. If these parameters are not within 

so specified limits for any reason, the program can alert the user. Guided by a service program the user 
response can range from immediate shutdown to scheduling service at a later date, to simply noting the 
circumstances. By use of a modem this information can be easily transmitted to anywhere in the world. The 
other aspect of reliability in a system of this type is that the user must know that the system is reliable. 
Hopefully there will be very long periods of time between actual alarm events. However, if there is a 

55 calibration and self diagnostic program and associated hardware for realistic sample injection, the user can 
generate, at anytime, an actual/simulated alarm ev nt as a confidence check. 

The second primary benefit of this system of control is versatility. It is advantageous for the system to 
have the capability of detecting a wide range of explosives, a range of controlled chemical agents, drugs, 
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and narcotics etc. All these materials have differing physical and chemical properties. These properties give 
rise to a set of internal parameters for optimum detection. However these parameters will be less than 
optimum for some other materials. But, if these parameters are all controllable and easily changed such as 
by simply reading in or activating a different program in the computer memory, then the user can 
5 effectively change the system to meet what is considered to be the threat at that time without making any 
hardware changes. 

Referring now to Figure 13, there is shown a block diagram representation of the control and data 
processing system 300 and its associated peripheral elements. The digital computer 302 or processor is an 
AT type personal computer running at 10MHz and has a standard video display terminal 304. The computer 

70 302 is responsible for process control, data acquisition, data analysis and display of results. In addition, as 
mentioned previously, the computer 302 also contains software routines for self diagnostic and self 
calibration procedures. The computer 302 receives power from the power distribution unit 306 as does the 
sampling chamber 100, the hydraulic pump 21 0b which supplies hydraulic pressure for the hydraulic control 
unit 210a, and the process control unit 308. The process and control unit 308 under the control of the 

75 computer 302 interfaces and provides the necessary signals to run the hydraulic control unit 210a, the 
preconcentrator control unit 214 and the interface control unit 238. 

The process and control unit 308 is a standard interface unit between computer 302 and the various 
actuators. The hydraulic actuator unit 210a determines the drive direction of the hydraulic piston which 
travels up and down to unlock and lock the filter elements 206 and 208 of the primary preconcentrator 201 , 

20 as shown in Figure 7, so they can be rotated from position 1 to position 2 as described in the previous 
section. Under software control, the process control unit 308 outputs commands to the hydraulic actuator 
unit 210a which is a two-way solenoid, not shown, and engages or disengages the hydraulic piston. The 
preconcentrator actuator unit 214 is a stepper motor which rotates the filter elements 206 and 208 after they 
are no longer locked in place by the hydraulic actuator unit 210a. The stepper motor is run under software 

25 control. The interface actuator unit 238 is also a stepper motor, and it is used to rotate the multi-port valve 
226, used in the secondary preconcentrator 203, from position 1 to position 2 and vice versa. The PCAD 
actuator unit comprises two stepper motors, one for the rotation of the circular plane 402, and one for the 
actuation of the six-port valve 412 or the three-way valve 434. Data from the analyzers 234 and 236 is 
brought directly into the computer 302 for processing. Data from the gas chromatograph/ECD system 234 is 

30 taken into the computer 302 as a varying frequency, and data from the IMS system 236 is taken into the 
computer 302 as a varying analog voltage. The data input to the computer 302 is correlated by processor 
302 to the process control module 308 which generates the necessary interrupts for processor 302 so the 
data can be input at the proper time intervals. 

The computer 302 has an internal clock which provides the reference clock for all timing sequences. 

35 Therefore, because all the valves and mechanical motions are being actuated by the computer, all gas and 
sample flows in the equipment are controllable with respect to the time of actuation. The relative 
sequencing and timing of actuations are simply steps in a stored program in the memory of the computer. 
In addition, all the temperatures in the equipment are read into the computer and all heating functions are 
actuated by the computer. Therefore, all the temperatures and their magnitudes at any time and rate of 

40 change with respect to time are under program control. The data output from the ECD 234 and the IMS 236 
are processed as necessary and the required information is extracted and displayed by the same computer. 

Figure 14a is a flow chart 500 showing the overall process control as accomplished by the control and 
data processing systems and run by the computer 302. Block 502 of flow chart 500 is simply the starting 
point or entry into the entire software package. The Run Diagnostics block 504 represents the block of 

45 software that is responsible for self diagnostic and self calibration. The Sample Air block 506 represents the 
block of code that causes the air sample drawn from the sampling port of the sampling chamber to be 
drawn into the SCAP. After the Sample Air Block 506, the flow chart 500 diverges into two paths that can 
run simultaneously. One path represents normal SCAP 200 operation while the second path represents 
PCAD 400 operation. The first path is as follows: The Release Fi Iters block 508 represents the block of 

so software that is responsible for the control of the hydraulic control unit. The Rotate Filters block 510 
represents the block of software responsible for the control of the preconcentrator control unit. The Lock 
Filters block 512 represents the block of software that is responsible for the control of the hydraulic control 
unit in that it commands the unit to lock the filter elements in the holding means. The Desorb Vapor block 
514 represents the block of software that is responsible for the controlling of the heating means and the 

55 flow of pure gas in the desorption process. The Rotate Multiport Valve block 516 represents the block of 
software that is responsible for controlling the multiport valve of the secondary preconcentrator so that the 
concentrated sample is properly routed to the analyzers. The Acquire Data block 518 represents the block 
of software that is responsible for the acquisition of data from the analyzers and the subsequent analysis 
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and display of the resultant data. The software is a cyclic process and following step 518, returns to 
sampling step 506 and continues until stopped. The second path is as follows: The PCAD Rotate Filters 
block 520 represents the block of software responsible for the control of the rotation of the circular plane. 
The PCAD Heat Collected Particulate Matter block 522 represents the block of software responsible for the 

5 electrical heating of the stainless steel screens during the desorption process. The PCAD Rotate Six-Port 
Valve block 524 represents the block of software responsible for controlling the six-port valve so that the 
concentrated sample is properly routed to the analyzer. The PCAD Acquire Data block 526 represents the 
block of software that is responsible for the acquisition of data from the analyzers and the subsequent 
analysis and display of the resultant data. The software is a cyclic process and following the step of block 

70 526, returns to sampling step 506 and continues until stopped. As stated previously, the software routine is 
modularized and therefore can be easily changed, updated, removed or added on to. 

Figure 14b is a flow chart 500' which shows an identical process as does the flow chart 500 in Figure 
14a with one exception. In flow chart 500', the PCAD Rotate Six-Port valve block 524 of Figure 14a is 
replaced by a PCAD Actuate Three-Way Valve block 528. The PCAD Actuate Three-Way Valve block 528 

75 represents the block of software responsible for controlling the three-way valve in the ion mobility 
embodiment so that the concentrated sample is properly routed to the analyzer. 

There are two schemes that exist for the screening process. The sequential scheme requires approxi- 
mately 14.0 seconds to complete one screening cycle and the concurrent scheme requires approximately 
3.6 seconds to complete one screening cycle. Both schemes are implemented using flow charts 500 and 

20 500 illustrated in Figures 14a and 14b; however, as the name implies, the concurrent scheme involves 
performing certain of the operations involved in the screening process in an overlapping or multi-tasking 
environment. Basically, in the concurrent scheme, the software routines are run in a foreground/background 
scenario in a true interrupt mode. In this type of scenario the mechanical operations can be run in 
background while the analysis and data processing can be run in foreground. Figures 14a and 14b are a 

25 general representation of the software and should not be construed as a timing diagram. Table 1 given 
below illustrates the required steps and associated times involved in the screening procedure utilizing the 
sequential scheme. 

Table 1 

30 



SAMPLE COLLECTION 


5.0 


seconds 


PRIMARY CONCENTRATION STAGE 


3.0 


seconds 


SECONDARY CONCENTRATION STAGE 


2.0 


seconds 


ANALYSIS 


3.0 


seconds 


DATA PROCESSING/REPORTING 


1.0 


seconds 


TOTAL SCREENING TIME 


14.0 


seconds 



to Referring now to Figure 15, a sequence diagram 600 or timing chart is given in order to illustrate the 
various time parameters for each given in the concurrent sampling scheme. Each time bar is comprised of 
five boxes indicating the various steps in the process. Box 602 represents the air sampling step time, box 
604 represents the time for the mechanical steps involved in the collection of the sample, box 606 
represents the time associated for injecting the concentrated sample into the chemical analyzers, and box 

4 5 610 represents the analysis time. Since it takes approximately 2.5 seconds to pass through the portal, two 
people can pass through in 5.0 seconds, and thus the timing chart 600 is shown for two people. To 
calculate the total time for a single person, which is approximately 3.6 seconds, the total time for the first 
two people to be screened, which is 14.4 seconds, has subtracted from it the time for sampling and 
collecting the sample from the next two people, which is approximately 7.2 seconds, resulting in a time of 

so approximately 7.2 seconds for two people and 3.6 seconds for a single person. As indicated in chart 600, 
the concurrent scheme overlaps in the sampling and collection periods. The three remaining time lines are 
identical numerals with prime, double prime and triple prime added. 

Although shown and described in what is believed to be the most practical and preferred embodiments, 
it is apparent that departures from specific methods and designs described and shown will suggest 

55 themselves to those skilled in the art and may be used without departing from the spirit and scope of the 
invention. The present invention is not restricted to the particular constructions described and illustrated, but 
should be constructed to cohere of all modifications that may fall within the scope of the appended claims. 
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Claims 

1. A walk-through explosive detection screening system for the detection of concealed explosives, 
chemical agents and other controlled substances such as drugs or narcotics by detecting their vapor or 
particulate emissions, said system comprising: 

(a) a walk-through sampling chamber means for gathering a sample of the environment surrounding a 
person or object passing through said sampling chamber means by sweeping the vapor or particulate 
emissions from said person or object, said sampling chamber means having an entrance and exit portal 
defined by at least two walls, and a convergent ceiling which opens into an air plenum; 

(b) a pair of inwardly directed and vertically oriented air flow guide means on either side of each of 
said entrance and exit portals, said air flow guide means directing air towards a center region of said 
sampling chamber means with a predetermined velocity, the combination of said air flows from said pair of 
inwardly directed and vertically oriented air flow guide means creating a dynamic high pressure zone in 
said sampling chamber means; 

(c) means for recirculating air between said pair of inwardly directed and vertically oriented guide 
means and said air plenum, the recirculating air creating a dynamic low pressure zone in the region of said 
convergent ceiling, said dynamic high and low pressure zones creating a region within said sampling 
chamber means that does not allow an appreciable amount of air in or out of said entrance and exit portals; 

(d) a sample collection means to collect a sample volume of air that is swept off the individual or 
object passing through said sampling chamber means, said sample collection means including means for 
collecting a volume of air from a sampling port mounted in the plenum and centered in said convergent 
ceiling; 

(e) means for concentrating said vapor or particulate emissions collected by said sample collection 
means, said means for concentrating having a first means for adsorption and a second means for 
desorption of said concentrated vapor or particulates; 

- (f) detecting means responsive to said vapor or particulate emissions desorbed from said second 
means for desorption to generate a first signal and an alarm. 

2. The walk-through explosive detection screening system of Claim 1 wherein said walk-through 
sampling chamber means has a rectangular geometry approximately six feet in length, three feet in width 
and seven feet in height, said walk-through sampling chamber means having a conically shaped ceiling. 

3. The walk-through explosive detection screening system of Claim 2 wherein said pair of inwardly 
directed and vertically oriented air flow guide means are six slots of one foot in length and a half inch in 
width in a pair of six inch diameter end columns mounted on either side of each of said entrance and exit 
portals, said end columns having inch and a half internal guide vanes to form exiting air into a first jet 
stream having a velocity of approximately 17 m/sec, said six slots are at an angle of 45 degrees pointing 
towards the center of said walk-through sampling chamber means. 

4. The walk-through explosive detection screening system of Claim 3 wherein said walk-through 
sampling chamber means further comprises a pair of side air flow pipes, said pair of side air flow pipes run 
along said floor and are connected to each of said pair of six inch diameter end columns, said pair of side 
air flow pipes each contain a twelve inch long by half inch wide air slot in the center of each of said pair of 
side air flow pipes, said air slots forming exiting air into a second jet stream having a velocity of 
approximately 15 m/sec, said air slots are at an angle of 45 degrees pointing upwards to the center of said 
walk-through sampling chamber means. 

5. The walk-through explosive detection screening system of Claim 4 wherein said means for 
recirculating air comprises a plurality of fans connected on a suction end to said plenum and on a discharge 
end to said pair of six inch diameter end columns, said plurality of fans are each capable of delivering 1000 
cubic feet of air per minute. 

6. The walk-through explosive detection screening system of Claim 1 wherein said sampling port is 
centered in a collection duct having a rectangular geometry with dimensions of 16 inches by 20 inches by 6 
inches. 

7. The walk-through explosive detection screening system of Claim 5 wherein said sample collection 
means further includes: 

a transportation means for collecting said volume of air from said sampling port and transporting said 
volume of air to said concentrating means; 

a portable sampling device to collect a sample volume of air from a specific area; 

a particulate collector and detector means for collecting and concentrating particulate emissions collected 
by said portable sampling device; and 

a sampling box for collecting a sample volume of air that is drawn off luggage that is placed in said 
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sampling box, said portable sampling device is connected to said sampling box for drawing said sample 
volume of air. 

8. The walk-through explosive detection screening system of Claim 7 wherein said transportation means 
is a pipe with a first end open as said sampling port and a second end connected to a suction fan for 

5 drawing said volume of air from said sampling port at predetermined time, said pipe can be stainless steel, 
aluminum or ABS plastic. 

9. The walk-through explosive detection screening system of Claim 8 wherein said concentrating means 
comprises a primary preconcentrator. 

10. The walk-through explosive detection screening system of Claim 9 wherein said first means for 
70 adsorption and said second means for desorption are first and second filter means mounted on a movable 

platform, said first and second filter means are movable between an adsorption position and a desorption 
position, each of said filter means being in line with said suction fan and operable to adsorb vapor and/or 
particulate emissions contained in said volume of air in said adsorption position, and each of said filter 
means being in line with an interface means when said adsorbed vapor and/or particulate emissions are 
75 desorbed. 

11. The walk-through explosive detection screening system of Claim 10 wherein said primary precon- 
centrator further comprises a third filter means mounted on said movable platform between said first and 
second filter means. 

12. The walk-through explosive detection screening system of Claim 11 wherein said first, second and 
20 third filter means are movable between said adsorption position, said desorption position, and a thermal 

cleaning position, each of said filter means being in line with said suction fan and operable to adsorb vapor 
and/or particulate emissions contained in said volume of air in said adsorption position, each of said filter 
means being in line with an interface means when said adsorbed vapor and/or particulate emissions are 
desorbed. and each of said filter means being in line with a thermal cleaning means when other filter means 
25 are being adsorbed and desorbed. 

13. The walk-through explosive detection screening system of Claim 12 wherein said primary precon- 
centrator comprises a gas supply means for supplying a clean gas fiow to said first, second and third filter 
means when said respective filter means is in said desorption position, and in said thermal cleaning position 
said clean gas flow is used to desorb and sweep said concentrated vapor and/or vapor emanating from 

30 particulate matter into said interface means when said filter means is in said desorption position, and said 
clean gas flow is used to thermally clean and sweep residue into the ambient environment, said desorption 
position, and said thermal cleaning position, said second filter means occupying said desorption position 
when said first filter means occupying said adsorption position and when said third filter means occupying 
said thermal cleaning position, and said third filter means occupies said adsorption position when said first 

35 filter means occupies said desorption position and said second filter means occupying said thermal 
cleaning position. 

14. The walk-through explosive detection screening system of Claim 13 wherein said clean gas is an 
inert gas. 

15. The walk-through explosive detection screening system of Claim 14 wherein said first, second and 
40 third filter means comprise wire screens which hold a selected adsorbing material coated thereon. 

16. The walk-through explosive detection screening system of Claim 15 wherein said selected 
adsorbing material is targeted for collecting explosive compound vapors or particulates or narcotic 
compound vapors or particulates. 

17. The walk-through explosive detection screening system of Claim 15 wherein said .primary precon- 
45 centrator still further comprises a heat exchanger for supplying heat to each of said filter means when they 

are in said desorption and said thermal cleaning position to aid in desorbing the vapor and/or particulate 
emissions. 

18. The walk-through explosive detection screening system of Claim 13 wherein said first, second and 
third filter means are moved by a control system. 

so 19. The walk-through explosive detection screening system of Claim 18 wherein said control system 
comprises: 

a hydraulic control unit and pump connected to said platform by a rigid shaft, said hydraulic control unit is 
operable to move said platform from a locked position to an unlocked position; and 

a preconcentrator control unit which is operable to rotate said platform when said platform is in the unlocked 
55 position, said preconcentrator control unit is a stepper motor. 

20. The walk-through explosive detection screening system of Claim 7 wherein said portable sampling 
device is a hand held wand which is valve connected to said transportation means by a flexible pipe. 

21. The walk-through explosive detection screening system of Claim 7 wherein said particulate collector 
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and detector means comprises: 

a rotating plate, said rotating plate defining an axis of rotation and having at least two openings, said two 
openings being circumferential I y spaced about said axis of rotation and supporting stainless steel mesh 
screens for collecting particulate emissions from said portable sampling device; ^ 
5 a collection chamber in line with said transportation means for receiving said rotating plate, said stainless 
steel mesh screens being exposed to and adsorbing emissions collected by said portable sampling device; 
and 

a desorption chamber for receiving said rotating plate, said stainless steel mesh screens being heated to 
desorb said collected emissions, whereby said desorbed emissions are swept into a valve means. 
70 22. The walk-through explosive detection screening system of Claim 7 wherein said particulate collector 
and detector means comprises: 

a rotating plate, said rotating plate defining an axis of rotation and having three openings, said three 
openings being circumferentially spaced about said axis of rotation and supporting stainless steel mesh 
screens for collecting particulate emissions from said portable sampling device; 

75 a collection chamber in line with said transportation means for receiving said rotating plate, said stainless 
steel mesh screens being exposed to and adsorbs emissions collected by said portable sampling device; 
a desorption chamber for receiving said rotating plate, said stainless steel mesh screens being heated to 
desorb said collected emissions, whereby said desorbed emissions are swept into a valve means; and 
a flushing chamber for receiving said rotating plate, said stainless steel mesh screens are heated to desorb 

20 any remaining collected emissions, said desorbed emissions are vented to the ambient environment. 

23. The walk-through explosive detection screening system of Claims 21 or 22 wherein said particulate 
collector and detector means further comprises a PCAD actuator unit means for rotating said rotating plate 
a predetermined distance every sampling period and simultaneously controlling said valve means. 

24. The walk-through explosive detection screening system of Claim 21 or 22 wherein said desorption 
25 chamber comprises a first pair of electrodes which connect to said stainless steel mesh screens and apply 

a current to said screens to rapidly heat said screens and desorb the collected emissions. 

25. The walk-through explosive detection screening system of Claim 23 wherein said particulate 
collector and detector means further comprises a chemical analyzer means, said chemical analyzer is a gas 
chromatograph or an ion mobility spectrometer. 

30 26. The walk-through explosive detection screening system of Claim 25 wherein said valve means is a 
six-port valve, said six-port valve being an interface between said desorption chamber and said chemical 
analyzer means or a three-way valve, said three-way valve is an interface between said desorption chamber 
and said chemical analyzer. 

27. The walk-through explosive detection screening system of Claim 23 wherein said PCAD actuator 
35 unit means comprises first and second stepper motors. 

28. The walk-through explosive detection screening system of Claim 21 wherein said flushing chamber 
comprises a second pair of electrodes which connect to said stainless steel mesh screens and supply a 
current to said screen to rapidly heat said screen and further desorb the collected emissions. 

29. The walk-through explosive detection screening system of Claim 13 wherein said interface means is 
40 a connector tube which connects said primary preconcentrator to said detection means and which carries 

said concentrated vapor and/or vapors emanating from particulate matter from said primary preconcentrator 
to said detection means. 

30. The walk-through explosive detection screening system of Claim 13 wherein said interface means is 
a secondary preconcentrator which comprises a multi-port valve system. 

45 31 . The walk-through explosive detection screening system of Claim 30 wherein said multi-port valve 
system comprises a six-port valve which contains an adsorption/desorption tube connected across two of 
said six-ports and four gas lines, said six-port valve being rotatable between an adsorb position and an 
desorb position. 

32. The walk-through explosive detection screening system of Claim 31 wherein said six-port valve is 
so rotated by an electronic interface control unit. 

33. The walk-through explosive detection screening system of Claim 32 wherein said interface control 
unit includes a stepper motor. 

34. The walk-through explosive detection screening system of Claim 31 wherein the six-port valve is in 
said adsorb position when said concentrated vapor and/or vapor emanating from particulate matter is 

55 passed through said adsorption tube for further concentration. 

35. The walk-through explosive detection screening system of Claim 31 wherein the six-port valve is in 
said desorb position when said further concentrated vapor and/or vapor emanating from particulate matter is 
desorbed and swept into said detection means. 
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36. The walk-through explosive detection screening system of Claim 31 wherein said 
adsorption/desorption tub further includes a thermocouple or thermistor tor monitoring the desorption 
temperature of the tube, said adsorption/desorption tube is electrically connected to a controlled current 
source which is used to heat the tub _ to a predetermined temperature as part of the desorption process. 

37. The walk-through explosive detection screening system of Claim 35 wherein said interface means 
further comprises a gas supply means for sweeping said further concentrated vapor and/or vapors 
emanating from particulate matter into said detection means. 

38. The walk-through explosive detection screening system of Claim 37 wherein said detection means 
comprises an ion mobility spectrometer (IMS) or a gas chromatograph/electron capture detector or a photo 
ionization detector or a nitrogen phosphorous detector or -an ion mobility spectrometer and a gas 
chromatograph/electron capture detector for analyzing said further concentrated vapor and/or vapors 
emanating from particulate matter and generating said first signal if a target material is detected. 

39. The walk-through explosive detection screening system of Claim 38 wherein said system further 
includes a control and data processing means which further comprises: 

a digital computer with a stored digital program which is responsible for the control of the system; and 

a process control module which is an interface between said digital computer and said interface control unit, 

said preconcentrator control unit and said control unit." 

40. The walk-through explosive detection screening system of Claim 39 wherein said stored digital 
program is operable to control a plurality of processes including said self diagnostic and self calibration 
processes, control of said sample collection, and processing of collected data from said detection means. 

41 . A method for the detection of concealed explosive chemical agents and other controlled substances 
such as drugs or narcotics by detecting their vapor or particulate emissions, said method comprising the 
steps of: 

(a) gathering a sample of the environment surrounding a person or object passing through a sampling 
chamber by sweeping the vapor or particulate emissions from said person or object; 

(b) . directing air towards a center region of said sampling chamber means with a predetermined 
velocity from a pair of inwardly directed and vertically oriented air flow guide means in order to create a 
dynamic high pressure zone in said sampling chamber, said dynamic high pressure zone creating a region 
within said sampling chamber that does not allow an appreciable amount of air in or out of an entrance and 
exit portal of said sampling chamber means; 

(c) recirculating air between said pair of inwardly directed and vertically oriented guide means and an 
air plenum, the recirculating air creating a dynamic low pressure zone in the region of a convergent ceiling 
in said sampling chamber means; 

(d) collecting a sample volume of air that is swept off the individual or object passing through a said 
sampling chamber means, said sample collection means including means for collecting a volume of air from 
a sampling port mounted in the plenum and centrally located in said convergent ceiling; 

(e) concentrating said vapor or particulate emissions collected by said sample collection means, said 
means for concentrating having a first means for adsorption and a second means for desorption of said 
concentrated vapor or vapors emanating from particulate emissions; 

(f) detecting said vapor or particulate emissions desorbed from said second means for desorption. 

42. The method for the detection of concealed explosives according to Claim 41 wherein said directing 
air includes forming exiting air into a first jet stream at an angle of 45 degrees pointing towards the center 
of said sampling chamber means with a velocity of approximately 17 meters per second. 

43. The method for the detection of concealed explosives according to Claim 42 wherein said directing 
air step further includes forming air exiting from a pair of side air flow pipes into a second jet stream at an 
angle of 45 degrees pointing upwards towards the center of said sampling chamber means with a velocity 
of approximately 15 meters per second. 

44. The method for the detection of concealed explosives according to Claim 43 wherein said collecting 
step further comprises transporting said volume of air to said concentrating means. 

45. The method for the detection of concealed explosives according to Claim 44 wherein said 
concentrating step comprises adsorbing target materials in a first position and desorbing target materials in 
a second position, said desorbing target materials in a second position comprises the steps of: 

heating said target materials to a predetermined desorbing temperature or a predetermined vaporizing 
temperature; and 

sweeping said target materials with an inert gas. 

46. The method for the detection of concealed explosives according to Claim 45 wher in said step of 
detecting includes sweeping said target materials and inert gas into a detection means and chemically 
analyzing said target materials. 
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47. The method for the detection of concealed explosiv s according to Claim 46 which further includes 
the step of controlling the collection and processing of data with a digital computer which utilizes a stored 
program. 

48. The method for the detection of concealed explosives according to Claim 44 wherein said 
5 concentrating step further comprises th rmaliy cleaning the residue from a third means for adsorption and 

desorption when said third means is in a thermally cleaning position. 

49. The method for the detection of concealed explosives according to Claim 48 wherein said thermal 
cleaning comprises the steps of: 

heating said residue on said third means to a predetermined temperature; and 
70 sweeping said heated residue to the ambient environment. 
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Count Restriction 

EXIN 



Examiner Interview 

M903 

DO/EO Acceptance 

M905 

DO/EO Missing Requirement 

NFDR 

Formal Drawing Required 

NOA 



Notice of Allowance 

PETDEC. 

Petition Decision 



INCOMING 

AP.B 



Appeal Brief 

CAD . 

Change of Address 

N/AP 



Notice of Appeal 



PA. 



Change in Power of Attorney 

REM 



Applicant Remarks in Amendment 

XT/ 

Extension of Time filed separate 



File Wrapper 



FWCLM 



File Wrapper Claim 

IIFW 

File Wrapper Issue Information 

SRFW 

File Wrapper Search Info 
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